Turbine disks of aircraft engines in operation are subjected to alternating thermocyclic deformation under high temperatures. Operation gives rise to sufficiently high stresses and subsequent creep damaging effects.
INTRODUCTION
Turbine disks are important elements of aircraft engines. The strength and lifetime of disks determine an engine's ability to reach its required service operating parameters including durability and reliability.
In operation, disks of turbojet engines are subjected to alternating thermocyclic deformation under high temperatures. The basic components of disk loading are: centrifugal forces caused by rotation; nonstationary temperature field (essentially inhomogeneous along the radial coordinate); pressure differential on the disk web; clamping forces caused by the rotor assemblage; radial forces from the disk blading.
Thejoint action ofthe aforementioned factors can lead to high stresses and subsequent creep effects.
Experimental data obtained by Sosnin et al. (1986) allow to estimate the time for creep deformation development up to the value of 0.5% as 101-102h within the stress concentration zones (disk fillets, blade roots and shaft splines). Therefore we can state 250 Y. NYASHIN AND V. SHISHLYAEV that creep deformation is a dominant factor of material damage in comparison to elastic one.
PHENOMENOLOGICAL DESCRIPTION OF DAMAGE AND RUPTURE
The prevailing methods of engineering design are based on the various theories of plastic flow and analogous creep models. At the same time accumulation of the static and cyclic defects leads to untimely fracture of the disks. Therefore the durability ought to be calculated on the basis of exact estimation of stress and strain fields, variation of material properties due to the cyclic loading and account of material damage.
The phenomenological approach to the description of creep rupture was suggested by Kachanov (1958 Later different models were suggested by Rabotnov (1969) , Ilyushin and Pobedria (1970) , Kolmogorov (1970) , Murakami (1983) , Lemaitre and Chaboche (1985) , Sosnin et al. (1986) , Chaboche (1988) and Baltov (1993) 
for every internal point of the disk. Then in accordance with the suggested flow law r--0,
and consequently, Generally speaking, Kachanov (1960) shows that the interior of a disk can experience zones with different flow rules. In this paper we consider the variant described by the inequality (6) only.
Further we show that definite restriction on the initial sizes follows from this assumption. Figure 2 presents the Treska prism cross-section by the plane Crz 0 and possible flow directions.
From Eq. (7) it follows that Ov/Or-O. Consequently, the radial velocity of the disk particles depends upon the time only:
v-vo(t), where vo-v(ao, t),
and tangential strain rate is determined as 
where B> 0, m> are constants for the fixed temperature. Kachanov (1960) (5), we obtain the stress tensor components: 
At the crack initiation stage (while < q) the stress tensor components are constant: 
The time ti corresponds to the critical accumulation of damage on the contour of the internal hole. From a physical point of view it corresponds to appearance of macroscopic cracks and material defects. Further (when > q) the disk fracture develops in a radial direction towards the external contour. This process is accompanied with variation of disk geometry.
The fracture criterion for any point of the disk can be formulated as A(n / 1) Crnax(-) dT--1. This alloy is widely used to manufacture disks, deflectors, disk blades, fasteners and body details of aircraft gas turbine engines. The ultimate stress cry, yield limit cry and creep limit or100 for titanium alloy VT9 are presented in the Table I. Aforementioned sizes and rotation rate correspond to the real parameters of a turbine disk of an aircraft gas turbine engine during take-off. According to experimental data the temperature of the disk hub is equal to 452C, while the rim temperature is equal to 608C. The values of material constants applied for damage description are shown in Table II . The values are calculated on the basis of the experimental data obtained by Sosnin et al..(1986) . It is easy to verify that restriction (19) is valid for both of the investigated regimes. Figure 3 shows the fracture edge position versus dimensionless time for the temperature of 600C (m= 3, Co=0.315). The fracture time was calculated by numerical integrating of Eq. (34) by the Gauss method. The figure shows that the fracture develops with relatively slow speed at initial stage.
Then the fracture rate increases significantly. As an illustration we try to find the durability of the disk made of c + fl titanium alloy VT9 (5.8-7.0%
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